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(54) Mobile radio communication system 

(57) In a mobile radio communication system, a 
mobile station (MR) constantly monitors a quality of a 
radio line between the mobile station and a first base 
station (BS1) with which the mobile station is presently 
communicating, detects a deterioration of the quality of 
the radio line between the mobile station and the first 
base station outside a tolerable range, successively 
detects field intensities of signals received from the 
base stations (BS2) neighboring the first base station 
using a free time slot which is unused by the mobile sta- 
tion for communication to determine a maximum field 
intensity, supplies to the first base station predeter- 
mined information related to a second base station 
(BS2) from which the signal with the maximum field 
intensity is received so as to make a handover request, 
and ends a communication with the first base station in 
response to a handover message. TTie first base station 
supplies a handover request message to a control sta- 
tion (CS) in response to the handover request from the 
mobile station, and the control station carries out a 
handover process in response to the handover request 
message. The handover process includes selecting a 
new communication channel with which the mobile sta- 
tion is to communicate with the second base station 
when the mobile station moves from a first radio zone 
(RZ1) to a second radio zone (RZ2), and notifying the 
handover message and the new communication chan- 
nel to the mobile station and the first and second base 
stations, so that the mobile station ends the communi- 
cation with the first base station in response to the 



handover message and starts a communication with the 
second base station using the new communication 
channel. 

FIG. 9 
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Description 

BACKGROUND OF THE INVENTION 

The present invention generally relates to mobile s 
radio communication systems, and more particularly to 
a mobile radio communication system which employs a 
multi-channel access system and is applicable to a 
mobile telephone or the like using radio zones. 

Recently, there are increasing number of users of 
the mobile radio communication system such as the 
mobile telephone. Hence, it is desirable that the mobile 
radio communication system employs a handover con- 
trol procedure which enables fast and efficient commu- 
nication, so that the service and the frequency 
utilization efficiency are improved. 

When a mobile station moves in the mobile radio 
communication system which uses the conventional 
multi-channel access (FDMA: frequency division multi- 
plexing access) system and employs the radio zones, a 
handover is made when a called base station changes 
from an old base station to a new base station. In other 
words, the base station of an old radio zone in which the 
mobile station first exists and the base stations in neigh- 
boring radio zones measure the field intensity of a sig- 
nal from the mobile station. A radio zone of the base 
station which receives the signal from the mobile station 
with the highest field intensity is regarded as a new 
radio zone in which the mobile station now exists. 

FIG.1 shows radio zones of an existing analog 
mobile telephone as an example of the conventional 
mobile radio communication system which uses the 
FDMA system and employs the radio zones. In FIG.1 , a 
control zone CZ surrounded by a bold solid line includes 
a plurality of radio zones which are under control of a 
single control station CS. In this example, the control 
zone CZ includes seven radio zones RZ1 through RZ7. 
A base station BSi is provided in each radio zone RZi, 

where i = 1, 2 7. FIG.1 only shows a base station 

BS1 of the radio zone RZ1 and a base station BS2 of 
the radio zone RZ2. A mobile station MR exists within 
an arbitrary radio zone RZi within the control zone CZ. 
The mobile station MR may be a mobile telephone set 
equipped to an automobile or a portable telephone set 
which is hand carried by the user. 

In FIG.2, (A) and (B) respectively show control sig- 
nals for controlling call-out and call-in, and in FIG.3, (A) 
and (B) respectively show voice signals. As shown in 
FIGS.2 and 3, a radio line uses a control channel C-CH 
and a voice channel V-CH which are not time-drvision- 
murtiplexed. Hence, there is a going line from the base 
station BS1 or the like to the mobile station MR, and 
there is a returning line from the mobile station MR to 
the base station BS1 or the like. 

Moreover, one control channel group f 1 is assigned ss 
to one control zone CZ, and voice channel groups f8 
through f14 are respectively assigned to the radio zones 
RZ1 through RZ7 so that the frequencies of the voice 



channels do not overlap among the radio zones RZ1 
through RZ7 within the same control zone CZ. 

FIG.4 shows an example of a receiving system of 
the base station in the conventional mobile radio com- 
munication system. The receiving system includes a 
receiver 10 for receiving a voice channel signal, a 
receiver 20 exclusively for measuring the field intensity 
of a signal from the mobile station RM for the purpose of 
determining the radio zone in which the mobile station 
RM is located, and a controller 30 for controlling synthe- 
sizers 1 1 and 21 of the respective receivers 10 and 20 
and the channel frequency in response to an instruction 
from the control station CS. 

In the receiver 10, the received signal which passes 
through a bandpass filter 12 is mixed to a first local sig- 
nal which has a frequency set by the synthesizer 1 1 in a 
mixer 13 and is converted into a signal having a first 
intermediate frequency. The output signal of the mixer 
13 is passed through a bandpass filter 14a and is mixed 
to a second local signal which has a frequency set by a 
synthesizer 15 and is converted into a signal having a 
second intermediate frequency in a mixer 16. The out- 
put signal of the mixer 1 6 is passed through a bandpass 
filter 14b and is amplified by an intermediate frequency 
amplifier 17. A field intensity detector 18 detects the 
field intensity of the received signal based on an output 
signal of the intermediate frequency amplifier 17 and 
notifies the detected field intensity to the control station 
CS. A demodulator 1 9 demodulates the output signal of 
the intermediate frequency amplifier 1 7 and outputs an 
audio signal. 

Similarly, in the receiver 20, the received signal 
which passes through a bandpass fitter 22 is mixed to a 
first local signal which has a frequency set by the syn- 
thesizer 21 in a mixer 23 and is converted into a signal 
having a first intermediate frequency. The output signal 
of the mixer 23 is passed through a bandpass filter 24a 
and is mixed to a second local signal which has a fre- 
quency set by a synthesizer 25 and is converted into a 
signal having a second intermediate frequency in a 
mixer 26. The output signal of the mixer 26 is passed 
through a bandpass filter 24b and is amplified by an 
intermediate frequency amplifier 27. A field intensity 
detector 28 detects the field intensity of the received 
signal based on arrootput signal of the intermediate fre- 
quency amplifier 27 and notifies the detected field inten- 
sity to the control station CS. 

FIG.5 is a time chart for explaining a handover con- 
trol procedure of the conventional mobile radio commu- 
nication system which uses the base station shown in 
FIG. 4. For the sake of convenience, it is assumed that 
the mobile station MR first exists within the radio zone 
RZ1 as shown in FIG.1 and communicates via the base 
station BS1 of the radio zone RZ1 , and that the synthe- 
sizer 1 1 within the receiver 10 is tuned to the frequency 
of the mobile station MR in response to a frequency 
control signal from the controller 30 which receives an 
instruction from the control station CS. 
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In this case, when the base station BS1 is commu- 
nicating, the field intensity detector 18 within the 
receiver 10 constantly monitors the field intensity of the 
signal from the mobile station MR in a step S1 1 . 

When the mobile station MR moves to the end of s 
the radio zone RZ1 and moves from the radio zone RZ1 
into the adjacent radio zone RZ2, the field intensity of 
the signal from the mobile station MR gradually 
decreases at the base station BS1 . When the base sta- 
tion BS1 detects that the field intensity of the signal from 
the mobile station MR is less than a predetermined 
threshold value in a step S12, the base station BS1 noti- 
fies this information to the control station CS which con- 
trols the base station BS1 and the other neighboring 
base stations BS2 through BS7 within the control zone 
CZ in a step S13. 

Responsive to the information from the base station 
BS1 , the control station CS instructs all of the base sta- 
tions BS1 through BS7 within the control zone CZ 
including the base station BS1 to measure the field 
intensity of the signal received from the mobile station 
MR in a step S1 4. The synthesizer 21 of the receiver 20 
within each of the base stations BS2 through BS7 is 
tuned to the frequency of the mobile station MR, so that 
the field intensity of the signal received from the mobile 
station MR is output from the field intensity detector 28 
within each of the base stations BS2 through BS7 within 
the control zone CZ in a step S15. 

The base stations BS2 through BS7 respectively 
notify the measured field intensity of the signal received 
from the mobile station MR to the control station CS in a 
step S16. 

The control station CS compares the field intensi- 
ties notified from the base stations BS2 through BS7 
and selects one of the base stations BS2 through BS7 
which outputs the highest field intensity, and at the 
same time, selects an available channel (or free fre- 
quency) out of the voice channel groups f9 through f14 
which are assigned to the base stations BS2 through 
BS7, in a step S1 7. 

When it is assumed for the sake of convenience 
that the field intensity level notified from the base station 
BS2 is the highest, the control station CS notifies the 
base station BS1 of a handoff message and a new voice 
channel selected from the voice channel group f9 in a 
step S18 because the mobile station MR has now 
moved into the radio zone RZ2. This handoff message 
indicates that the communication between the commu- 
nicating mobile station MR and the base station BS1 is 
ending. The base station BS1 transmits the received 
handoff message and the new voice channel to the 
mobile station MR and disconnects the transmission on 
the going fine in a step S1 9. 

At the same time, the control station CS notifies the 
handoff message and the new voice channel to the 
base station BS2 because the mobile station MR has 
now moved into the radio zone RZ2. Hence, the base 
station BS2 is put ready to transmit using the new voice 
channel. 



The mobile station MR switches from the voice 
channel V-CH which is being used to the new voice 
channel in a step S20. In addition, the base station BS2 
starts a communication with the mobile station MR 
using the new voice channel of the mobile station MR in 
a step S21. 

Hence, the voice channel between the base station 
BS2 and the mobile station MR is established in the 
above described manner. 

In the description given above, it is assumed for the 
sake of convenience that one mobile station MR moves 
within the control zone CZ. However, in actual practice, 
a plurality of mobile stations MR exist within the control 
zone CZ. Since the control zone CZ includes a plurality 
of radio zones RZ and each radio zone RZ has a radius 
in the order of several km, many mobile stations MR 
which require the handover may exist approximately at 
the same time. 

In such a case, because the control station CS of 
the conventional system monitors the radio zones RZ1 
through RZ7 within the control zone CZ, the control sta- 
tion CS cannot process the handovers which are simul- 
taneously generated in a plurality of radio zones RZ 
within the control zone CZ. In addition, since each base 
station BS is only provided with a limited number of 
receivers 10 and 20, the base station BS cannot meas- 
ure the field intensities of the signals which are simulta- 
neously received from a plurality of mobile stations MR. 
As a result, there is a problem in that the handover proc- 
ess must wait until the turn of the mobile station MR 
comes. 

Moreover, there is a problem in that the base station 
BS must be provided with the receiver 20 for measuring 
the field intensity of the signal from the mobile station 
MR in addition to the normal receiver 10 which is used 
for the communication. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful mobile radio 
communication system in which the problems described 
above are eliminated. 

Another and more specific object of the present 
invention is tOTnwide a mobile radio communication 
system comprising a control station which is provided 
with respect to a control zone which is made up of a plu- 
rality of radio zones, a base station which is provided 
with respect to each of the radio zones, and a mobile 
station which is movable within the control zone, where 
the mobile station includes first means for constantly 
monitoring a quality of a radio line between the mobile 
station and a first base station with which the mobile 
station is presently communicating, the first base station 
being provided with respect to a first radio zone, second 
means coupled to the first means for detecting a deteri- 
oration of the quality of the radio line outside a tolerable 
range, third means coupled to the second means for 
successively detecting field intensities of signals 



75 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0 727 915 A2 



6 



received from the base stations neighboring the first 
base station using a free time slot which is unused by 
the mobile station for communication and for determin- 
ing a maximum field intensity, fourth means coupled to 
the third means for supplying to the first base station 5 
predetermined information related to a second base 
station from which the signal with the maximum field 
intensity is received so as to make a handover request, 
and fifth means for ending a communication with the 
first base station in response to a handover message, w 
the second base station being provided with respect to 
a second radio zone which is different from the first 
radio zone. The first base station includes means for 
supplying a handover request message to the control 
station in response to the handover request from the 15 
mobile station. The control station includes means for 
carrying out a handover process in response to the 
handover request message, the handover process 
including selecting a new communication channel with 
which the mobile station is to communicate with the sec- 20 
ond base station when the mobile station moves from 
the first radio zone to the second radio zone, and notify- 
ing the handover message and the new communication 
channel to the mobile station and the first and second 
base stations, so that the mobile station ends the com- 25 
munication with the first base station in response to the 
handover message and starts a communication with the 
second base station using the new communication 
channel. According to the mobile radio communication 
system of the present invention, it is possible to prevent 30 
the mobile station from waiting for the handover even 
when a plurality of mobile stations within the same con- 
trol zone simultaneously request handovers. In addition, 
it is unnecessary to provide in the base station or the 
mobile station a receiver exclusively for detecting the 35 
field intensity for detecting the radio zone of the mobile 
station. Therefore, it is possible to carry out the hando- 
ver process at a high speed with a high efficiency so as 
to enable the communication between the mobile sta- 
tion and the second base station using the new commu- 40 
nication channel. 

Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a diagram for explaining radio zones; 
FIQS.2 and 3 are diagrams for explaining a control so 
signal and a voice signal which are used in the 
multi-channel access system; 
FIG.4 is a system block diagram showing an exam- 
ple of a receiving system of a base station which is 
used in a conventional mobile radio communication ss 
system; 

FIG.5 is a time chart for explaining an operation of 
the conventional mobile radio communication sys- 
tem; 



FIGS.6 and 7 are diagrams for explaining a control 
signal and a voice signal which are used in the 
present invention; 

FIG.8 is a time chart for explaining an operating 
principle of a mobile radio communication system 
according to the present invention; 
FIG.9 is a diagram for explaining radio zones 
employed in the present invention; 
FIG.1 0 is a system block diagram showing a receiv- 
ing system of a mobile station used in an embodi- 
ment of the mobile radio communication system 
according to the present invention; 
FIG. 11 is a system block diagram showing an 
embodiment of an error rate detector shown in 
FIG.1 0; and 

FIG. 12 is a system block diagram shewing an 
embodiment of a maximum field intensity detector 
- shown in FIG. 10. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

As shown in FIGS.2 and 3, both the control signal 
and the voice signal continuously exist for predeter- 
mined time periods according to the conventional 
mobile radio communication system which uses the 
multi-channel access system. For this reason, the chan- 
nels are occupied during the predetermined time peri- 
ods and cannot be used for other purposes. 

Accordingly, the present invention employs the time 
division multiplexing access (TDMA) system which time 
divides both the control signal and the voice signal in 
time slots as shown in FIGS.6 and 7. In FIG.6, (A) and 
(B) respectively show the control signal transmitted from 
the base station BS to the mobile station MR and the 
control signal transmitted from the mobile station MR to 
the base station BS. In FIG.7, (A) and (B) respectively 
show the voice signal transmitted from the base station 
BS to the mobile station MR and the voice signal trans- 
mitted from the mobile station MR to the base station 
BS. 

As shown, both the control signal and the voice sig- 
nal are constantly transmitted on the going line. But the 
receiver of a mobile station MR does not receive any 
information during^lime slots other than a time slot 
which is assigned to this mobile station MR. For exam- 
ple, when the time slot "a" is assigned to the mobile sta- 
tion MR, the receiver of this mobile station MR does not 
receive any information during the time slots "b" and V. 

As shown in FIG.6, a control channel C-CH is 
assigned to each radio zone RZ, and the receiving sys- 
tem of the mobile station MR can measure the field 
intensity of the signals from each of the base stations 
BS at an arbitrary time by scanning the frequencies of 
the control signals of the neighboring base stations BS 
during a time slot other than the time slot of used by the 
mobile station MR. The frequencies of the control sig- 
nals which are scanned correspond to the frequency 
groups f1 through f7 of the control signals assigned to 



4 



7 



EP0 727 915 A2 



8 



each of the radio zones RZ, for example, as will be 
described later. In addition, the time slot other than the 
time slot used by the mobile station MR is a free time 
slot. In FIG.6, the time slot "a" is used as the control 
channel C-CH, while the time slots n b" and "c" are used s 
either as the control channel C-CH or the voice channel 
V-CH (control/voice channel C/V-CH). 

Therefore, even when a plurality of mobile stations 
MR exist within the radio zone RZ, each mobile station 
MR can measure the field intensity of the signals from 
each of the base stations BS at an arbitrary time by 
scanning the frequency groups f8 through f14 of the 
voice signals during a free time slot other than the time 
slot of used by the mobile station MR, even when the 
signals are carriers transmitted from the base stations 
BS. 

A description will now be given of the operating 
principle of the mobile radio communication system 
according to the present invention which employs the 
handover control procedure, by referring to FIG3.8 and 
9. FIG.8 is a time chart for explaining the operation of 
the mobile radio communication system according to 
the present invention, and FIG.9 shows radio zones 
employed by the present invention. In FIG.8, those 
steps which are the same as those corresponding steps 
in FIG.5 are designated by the same reference numer- 
als, and a description thereof will be omitted. Further- 
more, in FIG.9, those parts which are the same as those 
corresponding parts in FIG.1 are designated by the 
same reference numerals, and a description thereof will 
be omitted. In FIG.9, frequency groups f1 through f7 are 
respectively assigned to the control channels C-CH of 
the radio zones RZ1 through RZ7, and the frequency 
groups f8 through f14 are respectively assigned to the 
voice channels V-CH of the radio zones RZ1 through 35 
RZ7. 

The mobile station MR constantly monitors the 
quality of the radio line in a step S1 shown in FIG.8 
based on the field intensity of the signal received from 
the base station BS1 and the code error rate of the 40 
demodulated signal. When the mobile station MR 
moves from the radio zone RZ1 to the radio zone RZ2, 
for example, the mobile station MR detects that the field 
intensity or the code error rate has deteriorated and is 
now outside a tolerable range in a step S2. The mobile 45 
station MR uses a free time slot which is other than the 
time slot used by the mobile station MR for the commu- 
nication with the base station BS1, and successively 
detects the field intensities of the voice signals or the 
control signals from each of the neighboring base sta- so 
tions BS2 through BS7 in a step S3, where the control 
signals have frequencies corresponding to the radio 
zones RZ2 through RZ7 which are covered by the 
respective base stations BS2 through BS7. In addition, 
the mobile station MR determines the highest field ss 
intensity among the detected field intensities in a step 
S4, so as to determine the base station which is to suc- 
ceed the communication of the base station BS1 . In this 



case, the base station BS2 succeeds the communica- 
tion of the base station BS1 with the mobile station MR. 

The result of the determination made in the step S4 
is sent from the mobile station MR to the base station 
BS1 to request a handover in a step S5. Hence, the 
base station BS1 which is communicating sends a 
handover request message to the control station CS in 
a step S6 in response to the handover request from the 
mobile station MR. As a result, the handover process 
becomes possible. 

Thereafter, the control station CS selects as the 
new voice channel the channel for communicating with 
the new base station BS2 of the radio zone RZ2 in 
which the mobile station MR is located. In addition, the 
control station CS notifies the handover message and 
the new voice channel to the mobile station MR, the 
base station BS1 which is communicating with the 
mobile station MR, and the new base station BS2 which 
is to succeed the communication of the base station 
BS1. Thereafter, the mobile station MR ends the com- 
munication with the base station BS1 and starts a com- 
munication with the new base station BS2 using the new 
voice channel. 

Next, a description will be given of an embodiment 
of the mobile radio communication system according to 
the present invention, by referring to FIG. 10. FIG.1 0 
shows a receiving system of a mobile station which is 
used in this embodiment. In FIG. 10, those parts which 
are the same as those corresponding parts in FIG.4 are 
designated by the same reference numerals, and a 
description thereof will be omitted. 

In FIG.10, a receiver 1 has the same construction 
as receiver 10 shown in FIG.4. An error rate detector 2 
constantly detects the code error rate of the demodu- 
lated signal of the voice channel V-CH which is used for 
the communication between the mobile station MR and 
the base station BS, so as to detect the quality of the 
radio line. A circuit 3 compares the code error rate 
detected by the error rate detector 2 with a threshold 
value and compares the field intensity detected by the 
field intensity detector 18 with a threshold value, and 
detects a deterioration of the communication quality 
when the code error rate and the field intensity are less 
than the respective threshold values for more than a 
predetermined "time. The circuit 3 includes timers 31 
and 32, and an OR circuit 33 which are connected as 
shown. 

A controller 4 controls the synthesizer 1 1 when the 
deterioration is detected by the circuit 3 or in response 
to an instruction from the control station CS. A maxi- 
mum field intensity detector 5 compares the field inten- 
sities of the control signals or the voice signals from 
each of the base stations BS measured by the field 
intensity detector 18 with a timing with which the con- 
troller 4 successively switches the tuning frequency of 
the synthesizer 1 1 for the control signal or the voice sig- 
nal, and detects the base station BS from which the sig- 
nal having the highest field intensity is received. 
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A transmitter 6 includes a modulator 61 , a mixer 62, 
and a bandpass filter 63 which are connected as shown. 
The modulator 61 modulates an output signal of the 
maximum field intensity detector 5. The mixer 62 mixes 
an output signal of the modulator 62 and the output sig- s 
nal of the synthesizer 1 1 , and converts the signals into 
a signal having a desired transmission frequency. The 
bandpass filter 63 limits the band of the output signal of 
the mixer 62 into a predetermined band. 

For example, the error rate detector 2 may detect w 
the code error rate using the Viterbi code. In this case, 
the code error rate can be detected by counting the 
number of times the error correction is made. 

FIG. 11 shows an embodiment of the error rate 
detector 2. The error rate detector 2 includes an error is 
correction circuit 202, a timer 203 and a counter 204 
which are connected as shown. The error correction cir- 
cuit 202 receives the output of the demodulator 19 
shown in FIG. 10 via a terminal 201 and carries out an 
error correction. A demodulated signal is output from 20 
the error correction circuit 202 via a terminal 205. The 
timer 203 is set with a predetermined time, and the 
counter 204 counts the number of times the error cor- 
rection is earned out in the error correction circuit 202 
within the predetermined time set in the timer 203. An 2s 
output signal of the counter 204 is supplied to the timer 
31 shown in FIG. 10 via a terminal 206. 

FIG. 1 2 shews an embodiment of the maximum field 
intensity detector 5. The maximum field intensity detec- 
tor 5 includes a comparator 502, a switch 503 and a 30 
zone determining circuit 504 which are connected as 
shown. The output signal of the field intensity detector 
18 shown in FIG. 10 is applied to a terminal 501 and is 
output from a terminal 505 to be supplied to the timer 32 
on one hand, and is supplied to terminals A of the com- 35 
parator 502 and the switch 503 on the other. An output 
signal of the switch 503 is supplied to terminals B of the 
comparator 502 and the switch 503. The comparator 
502 compares the magnitude of the field intensity pres- 
ently detected and received at the terminal A with the 40 
magnitude of the field intensity previously detected and 
received at the terminal B, and outputs a signal which 
controls the switch 503 to connect to one of the termi- 
nals A and B which receives the field intensity with the 
greater magnitude. The signal from the controller 4 45 
shown in FIG. 10 is supplied to the zone determining cir- 
cuit 504 via a terminal 506, and the zone determining 
circuit 504 determines that the base station BS from 
which the field intensity last supplied to the terminal A 
originates is the base station BS of the radio zone RZ in so 
which the mobile station MR is now located. An output 
signal of the zone determining circuit 504 indicative of 
this determination is supplied to the transmitter 6 shown 
in FIG. 10 via a terminal 507. 

Next, a description will be given of the operation of ss 
this embodiment, by referring to FIGS.6 through 9. 

It is assumed for the sake of convenience that the 
mobile station MR is communicating with the base sta- 
tion BS1 using the time slot "a" of the voice channel V- 



CH. In this case, when the field intensity and the code 
error rate respectively detected by the field intensity 
detector 18 and the error rate detector 2 (step S1) dete- 
riorate to values less than the respective threshold val- 
ues continuously for the predetermined times set in the 
respective timers 32 and 31 (step S2), the controller 4 
controls the synthesizer 1 1 based on the output of the 
OR circuit 33 so as to successively detect the field 
intensities of the signals from the neighboring base sta- 
tions BS2 through BS7 (step S3). In other words, the 
synthesizer 1 1 uses the time slots "b" and "c" to succes- 
sively scan the frequencies f2 through f7 of the control 
signals respectively assigned to the base stations BS2 
through BS7. 

Depending on the system used, the mobile station 
MR which corresponds to the control/voice channel ON- 
CH of the control signal shown in FIG.6 may continue to 
transmit a carrier or a dummy signal even when this 
mobile station MR is not communicating. In such a 
case, the field intensities of the control signals assigned 
to each of the radio zones RZ2 through RZ7 are 
detected not in the control channel C-CH but in the con- 
trol/voice channel C/V-CH during the unused time slots 
V and "c". 

On the other hand, the mobile station MR may 
detect the field intensities of the voice signals during the 
unused time slots "b" and "c" shown in FIG.7 by succes- 
sively scanning the voice signals which are assigned to 
the radio zones RZ2 through RZ7 in the voice channel 
V-CH, instead of detecting the field intensities of the 
control signals shown in FIG.6. 

In other words, during the time slots "b" and V 
which are unused by the mobile station MR, the fre- 
quency groups f9 through f 14 of the voice channels V- 
CH of the voice signals which are assigned to each of 
the base stations BS2 through BS7 are successively 
scanned to determine which one of the signals from the 
base stations BS2 through BS7 has the highest field 
intensity based on the field intensities of the frequency 
groups f9 through f 14, because at least the dummy sig- 
nal is transmitted from the base stations BS2 through 
BS7 during the time slots V and "c". 

However, the dummy signal in the voice channel V- 
CH is not transmitted if none of the voice channels V-CH 
are used. Hence, t he detection of the signal in the voice 
channel V-CH is different from the detection of the con- 
trol signal in the control channel C-CH in that the control 
signal is constantly transmitted in the control channel C- 
CH. 

As a result of the detection described above, the 
mobile station MR detects that the mobile station MR is 
located within the radio zone RZ of the base station BS 
from which the signal having the highest field intensity is 
detected (step S4). When it is assumed for the sake of 
convenience that the signal having the highest field 
intensity is received from the base station BS2, it is 
detected that the mobile station MR is located within the 
radio zone RZ2. In this case, the mobile station MR noti- 
fies the base station BS1 that the signal from the base 
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station BS1 is becoming weak and the strongest signal 
is received from the base station BS2 using the control 
signal included in the voice channel V-CH (step S5). 

The mobile station MR may receive the correspond- 
ence of each frequency and the base stations BS2 
through BS7 in advance from the base stations BS2 
through BS7 using the control channel C-CH when the 
communication starts, or during the communication 
using the control signal included in the voice channel V- 
CH. In this case, the information related to the base sta- 
tion BS2 which corresponds to the radio zone R22 in 
which the frequency of the signal having the highest 
field intensity is used may be notified from the mobile 
station MR to the base station BS1. On the other hand, 
when the correspondence of the frequencies and the 
base stations BS2 through BS7 is unknown at the 
mobile station MR, the mobile station MR may notify to 
the base station BS1 the frequency of the signal which 
is detected as having the highest field intensity, so that 
the base station BS1 may detect which base station BS 
corresponds to the detected frequency. 

If the signal from the base station BS2 has the high- 
est field intensity, the base station BS1 notifies the con- 
trol station CS of this information (step S6). Then, the 
control station CS selects as the new voice channel V- 
CH a free channel out of the voice channel group f9 
which is assigned to the base station BS2 (step S17). 

In addition, the control station CS notifies the 
handover message and the new voice channel V-CH to 
the base stations BS1 and BS2 (step S18), and the 
base station BS1 responsive thereto notifies the hando- 
ver message and the new voice channel V-CH to the 
mobile station MR (step S19). 

Accordingly, the mobile station MR ends the com- 
munication with the base station BS1 and hands off the 
communication to the base station BS2 so as to start a 
communication with the base station BS2 using the new 
voice channel V-CH, and the handover control is com- 
pleted. 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications 
may be made without departing from the scope of the 
present invention. 

Reference signs in the claims are intended for bet- 
ter understanding and shall not limit the scope. 

Claims 

1. A mobile station (MR) for a mobile communication 
system employing time divisional multiplex access 
(TDMA), said mobile communication system com- 
prising a control station (CS) which is provided with 
respect to a control zone (CZ), said control zone 
being made up of a plurality of radio zones (R21- 
R27); a plurality of base stations (BS1-BS7), one 
for each of said radio zones; and said mobile station 
(MR) which is movable within said control zone; 
wherein the communication between a particular 
base station (e.g. BS1) and said mobile station 



(MR) is performed in a particular time slot (a) 
assigned to said mobile station (MR) among the 
time slots (a, b, c, ...) available for communication 
based on time-divisional multiplex access; 

5 a first base station (BS1 ) is provided with respect to 
a first radio zone (R21) and includes means for sup- 
plying a handover request message to said control 
station (CS) in response to the handover request 
from said mobile station (MR); 

w said control station (CS) includes means for carry- 
ing out a handover process in response to the 
handover request message; 
a second base station (BS2) is provided with 
respect to a second radio zone (RZ2) which is dif- 

15 ferent from said first radio zone (R21); and 

said handover process includes selecting a new 
communication channel with which said mobile sta- 
tion (MR) is to communicate with said second base 
station (BS2) when said mobile station (MR) moves 

20 from said first radio zone (RZ1 ) to said second radio 
zone (RZ2), and notifying the handover message 
and the new communication channel to said mobile 
station (MR) and said first and second base sta- 
tions (BS1, BS2), so that said mobile station (MR) 

2$ ends the communication with said first base station 
(BS1) in response to the handover message and 
starts a communication with said second base sta- 
tion (BS2) using the new communication channel; 
said mobile station (MR) comprising: 

30 a signal receiving means (1) for communicating 
with any one of said base stations (BS1 - BS7); 
first means (2) coupled to said receiving means (1) 
for monitoring a quality of a radio line between said 
mobile station (MR) and said first base station 

35 (BS1) with which said mobile station (MR) is pres- 
ently communicating; 

second means (3) coupled to said first means (2) 
for detecting a deterioration of the quality of the 
radio line between said mobile station (MR) and 
40 said first base station (BS1) outside a tolerable 
range; 

third means (5) coupled to said receiving means (2) 
for detecting signal strengths of signals received 
from the base stations (BS2-BS7) neighboring said 

45 first base station (BS1) using a time slot (b, c, ...) 
different from that particular time slot (a) which is 
used by said mobile station (MR) for communica- 
tion with said first base station (BS1) and for deter- 
mining a maximum signal strength of the received 

so signals; 

fourth means (6) coupled to said third means (5) for 
supplying to said first base station (BS1) predeter- 
mined information related to said second base sta- 
tion (BS2) from which the signal with the maximum 

55 signal strength is received so as to make a hando- 
ver request; and 

fifth means (4) for ending the communication with 
said first base station (BS1) in response to a hando- 
ver message. 
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2. The mobile station as claimed in claim 1 , 
characterized in that 

said predetermined information includes a fre- 
quency of the signal which is detected by said third 
means (5) as having the maximum signal strength, 
mutually different first frequency groups (f1-f7) are 
assigned to said radio zones (R21-RZ7) for a con- 
trol signal which is used for controlling call-out and 
call-in on a radio line, and mutually different second 
frequency groups (fS-f14) are assigned to said 
radio zones for a communication signal which is 
used for the communication, said first and second 
frequency groups including no overlapping frequen- 
cies within said control zone (CZ), said control sig- 
nal and said communication signal respectively 
being transmitted time-divisionally in time slots in 
conformance with said time division multiplex 
access system. 

3. The mobile station as claimed in claim 2, 
characterized in that 

said third means (5) detects the signal strengths of 
the signals received from the neighboring base sta- 
tions (BS2-BS7) by successively scanning control 
channels (C-CH) which correspond to the first fre- 
quency groups (f1-f 7). 

4. The mobile station as claimed in claim 3, 
characterized in that 

said neighboring base stations (BS2-BS7) con- 
stantly transmit carriers in the control channels (C- 
CH), so that said third means (5) can successively 
detect the signal strengths of the signals in the con- 
trol channels (C-CH) during time slots (b, c, ...) 
other than the time slot (a) used by said mobile sta- 
tion (MR). 

5. The mobile station as claimed in claim 2, 
characterized in that 

said third means (5) detects the signal strengths of 
the signals received from the neighboring base sta- 
tions (BS2-BS7) by successively scanning commu- 
nication channels (V-CH) which correspond to the 
second frequency groups (f8-f 14). 

6. The mobile station as claimed in claim 5, 
characterized in that 

said neighboring base stations (BS2-BS7) con- 
stantly transmit carriers in the communication chan- 
nels (V-CH), so that said third means (5) can 
successively detect the signal strengths of the sig- 
nals in the communication channels during time 
slots (b, c, ...) other than the time slot (a) used by 
said mobile station (MR). 

7. The mobile station as claimed in any of claims 1 to 
6, 

characterized in that 

said mobile station (MR) receives prior to a start of 



a communication specific information related to cor- 
respondence of frequencies (f1-f14) and the base 
stations (BS1-BS7) which are provided with respect 
to the radio zones (RZ1 -RZ7) assigned with the fre- 
5 quencies. 

8. The mobile station as claimed in claim 7, 
characterized in that 

said mobile station (MR) receives the specific infor- 
w mation using a control channel (C-CH) which corre- 
sponds to one of the first frequency groups (f 1 -f7). 

9. The mobile station as claimed in any of claims 1 to 
6, 

is characterized in that 

said mobile station (MR) receives during a commu- 
nication specific information related to correspond- 
ence of frequencies (f1-f14) and the base stations 
(BS1 -BS7) which are provided with respect to the 

zo radio zones (RZ1-RZ7) assigned with the frequen- 
cies. 

1 0. The mobile station as claimed in claim 9, 
characterized in that 

25 said mobile station (M R) receives the specific infor- 
mation using a communication channel (V-CH) 
which corresponds to one of the second frequency 
groups (f8-f 14). 

30 1 1. The mobile station as claimed in any of claims 1 to 
10, 

characterized in that 

said second means (3) includes monitoring means 
(18, 2) for monitoring the signal strength of a signal 

35 received from said first base station (BS1) and a 
code error rate of a demodulated signal which is 
obtained by demodulation of the signal received 
from said first base station, and detecting means 
(3) for detecting the deterioration of the quality of 

<o the radio line when at least one of the monitored 
signal strength and code error rate becomes less 
than a corresponding threshold value continuously 
for a predetermined time. 

45 12. The mobile station-as claimed in claim 1 1 , 
characterized in that 

said monitoring means (18, 2) monitors the code 
error rate by detecting a number of times an error 
correction is made with respect to the demodulated 
so signal within a given time. 

13. A mobile station for a mobile communication sys- 
tem employing time-divisional multiplex access 
(TDM A), said mobile communication system com- 
55 prising a control station (CS) which is provided with 
respect to a control zone (CZ), said control zone 
being made up of a plurality of radio zones (RZ1- 
RZ7); a plurality of base stations (BS1-BS7); and 
said mobile station (MR) which is movable within 
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said control zone, wherein the mobile communica- 
tion system supplies a handover request message 
from said mobile station to said control station 
through a first base station (BS1) with which said 
mobile station is communicating, selects a new 5 
communication channel with which said mobile sta- 
tion is to communicate with a second base station 
(BS2) and notifies a handover message and the 
new communication channel to said mobile station, 
said mobile station (MR) comprising: 10 
a signal receiving means (1) for communicating 
with any one of said base stations (BS1-BS7); 
first means (2) coupled to said receiving means (1) 
for monitoring the quality of a radio line between 
said mobile station (MR) and said first base station 15 
(BS1) with which said mobile station is presently 
communicating in a particular time slot (a) assigned 
to said mobile station among the time slots availa- 
ble for communication based on the TDM A; 
second means (3) coupled to said first means (2) 20 
for detecting a deterioration of the quality of the 
radio line between said mobile station (MR) and 
said first base station (BS1) outside a tolerable 
range; 

third means (5) coupled to said receiving means (2) 25 
for detecting signal strengths of signals received 
from the base stations (BS2-BS7) neighboring said 
first base station (BS1) using a time slot (b, c, ...) 
different from that particular time slot (a) which is 
used by said mobile station (MR) for communica- 30 
tion with said first base station (BS1) and for deter- 
mining a maximum signal strength of the received 
signals; and 

fourth means (6) coupled to said third means (5) for 
supplying predetermined information to said control 35 
stations (CS) via said first base station (BS1), said 
predetermined information being related to said 
second base station (BS2) from which the signal 
with the maximum signal strength is received so as 
to make a handover request; 40 
said second base station (BS2) being provided with 
respect to a radio zone (RZ2) which is different from 
a radio zone (RZ1) of said first base station (BS1). 

14. The mobile station as claimed in claim 13, charac- 45 
terized in that it further comprises: 
fifth means (4) for ending a communication with 
said first base station (BS1) in response to said 
handover message which is supplied from said 
control station (CS) in response to said handover , so 
request. 
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